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Schematic of Integrated Gasification Process for Production Methane- 
Rich Gas and/or Synthesis Gas from Wood 



A process for hydrogasification of biomass to produce high yields of methane utilizes a reactor (I) capable of carry- 
ing out rapid pyrolysis. Biomass particles, hydrogen, particles of a suitable catalyst that has both cracking and hydrogena- 
tion activity, and heat are introduced into the reactor. Pyrolysis is carried out in a hydrogen-rich atmosphere under the fol- 
lowing conditions: (a) a temperature ranging from 500°C to 550°C; (b) a pressure equal to or greater than one atmosphere; 
(c) a gas residence time not exceeding two seconds; (d) a biomass particle residence time at least as long as the gas resi- 
dence time; (e) a biomass particle size not exceeding 2 mm. The methane-rich product gas is then recovered. Conversion of 
carbon to methane of 69 % has been attained using the process of the present invention. 
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H YDROG AS I F I CAT I ON OF BIOMASS TO 
PRODUCE HIGH YIELDS OF METHANE 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

5 This invention relates to a process of 

hydrogasif ication of biomass for producing high yields 

of methane, said process utilizing a hydrogen-rich 

atmosphere in a reactor capable of carrying out rapid 

pyrolysis. 

10 DESCRIPTION OF THE PRIOR ART 

It is known to convert biomass material to 
gaseous products. The main components of any such 
conversion are carbon monoxide, carbon dioxide, 
hydrogen and methane. Carbon dioxide is usually an 

15 undesirable byproduct. One known method is to use air 
or oxygen-enriched air for heat for the gasification 
reaction. It is supplied by oxidation of part of the 
biomass with the oxygen in the air. Unfortunately, 
when air or oxygen-enriched air is used, inert nitrogen 

20 is introduced into the gasifier and the product gases 
are thereby diluted. This dilution is undesirable for 
many applications. A further known method involves the 
use of oxygen alone. This method results in a product 
gas which is essentially free of nitrogen but it 

25 contains some carbon dioxide. The major disadvantage 
of this process is that an air separation plant is 
required to supply the oxygen. A further known method 
is to use an atmosphere of steam-oxygen. However, this 
method also requires an oxygen plant and high 

30 gasification temperatures. Still further, steam alone 
can be used to react with biomass or steam can be used 
along with a solid catalyst. This method requires high 
temperatures, thereby making it difficult to use some 
catalysts and also making the process more expensive to 

35 operate. Also, this process can be limited in the 
range of gas compositions that can be produced. 



* 



SUMMARY OF THE INVENTION 
It is an object of the present Invention to 
provide a process whereby a high yield of methane can 
result from the direct pyrolysis of biomass in a 
hydrogen atmosphere . 

In accordance with the present invention, a 
process of hydrogasif ication of biomass for producing 
high yields, of methane comprises Introducing biomass 
particles, hydrogen, particles of a -suitable -catalyst— 
that has both cracking and hydrogenation activity and 
heat into a reactor capable of carrying out rapid 
pyrolysis • The biomass particles are mixed with said 
catalyst particles in said reactor in a hydrogen-rich 
atmosphere. Pyrolysis is carried out under the 
following reaction conditions: 

(a) a temperature ranging from substantially 
4500c to substantially 60QOC; 

(b) a pressure at least as ■• high as substantially 
one atmosphere; 

(c) a gas residence time not exceeding 
substantially 5 seconds; 

(d) a biomass particle residence time at least 
as long as the gas residence time; 

(e) a biomass particle size not exceeding 
substantially 2 mm; 

Methane rich product gas so formed is recovered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic flow diagram for the 
production of methane-rich gas and/or synthesis gas 
from wood in accordance with the present invention; and 

Figure 2 is a graph showing the effect of 
temperature on gas and methane production using a 
process in accordance with the present invention. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Referring to Figure 1 generally there is 
shown one embodiment of the process of the present 
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invention. It can be seen that a gasifier or reactor is 
one of the most important parts of the process. The 
reactor must have a configuration and mode of operation 
which causes intimate and rapid mixing of biomass 
5 particles and catalyst particles in an atmosphere 

within the reactor. Further, the reactor must permit 
the addition of or removal of heat. Preferably, the 
reactor is a fluidized bed reactor but other types of 
reactors- may be -suitable . 

10 suitable fluidized bed reactors are described by Donald 
S. Scott, et al. in the CANADIAN JOURNAL OF CHEMICAL 
ENGINEERING, 1984, Volume 62, pp. 404-412 and 
INDUSTRIAL AND ENGINEERING CHEMISTRY PROCESS DESIGN AND 
DEVELOPMENT, 1985, Volume 24, pp. 581-588. 

15 Any solid catalyst that has particles with 

both cracking and hydrogenation capabilities may be 
suitable in the process of the present invention. 

If we use wood as an example and assume that 
the overall atomic composition of wood is represented 

20 by the approximate formula C 6 h 9 04, then the 

hydrogasification reaction can be written ideally as: 

2 C 6H9 04 + 23 H 2 jgjjpjj 2 ** > 12 CH4 + 8 H 2 0 (1) 

The source of the hydrogen can vary. 
However, the hydrogen is preferably obtained by steam 
25 reforming a part of the product gas from the reaction, 
said product gas being high in methane, in accordance 
with the following equation: 

C3.t3-l.VSt 

CH 4 + H 2 0 ========00 + 3 H 2 (2) 

The method of steam reforming the product gas 
30 to produce hydrogen is well known. If we assume that 
all of the product from reaction (1) undergoes the 
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steam reforming reaction, then reaction (2) can be 
rewritten as follows: 

4 H 2 0 

12 CH 4 + 8 h 2 0 — 12 CO + 36 H2 (3) 

After the steam reforming reaction is carried 
5 out, a portion of the product gases from reaction (3) 
are then separated into a hydrogen- rich stream and a 
carbon monoxide -rich stream in accordance with the = 
following: 

12 CO + 36 H 2 ^12 CO + 13 H2 final syngas 

(4) 

10 "*23 H 2 - recycle to 

hydrogasif ication 
reactor 

Overall, the effect of this three-stage 
process is to produce synfuel, or a methane-rich fuel 
15 gas as represented by: 

2 C 6H90 4 + 4 H20 =>12 CO + 13 H2 (5) 

Reaction (5) shows that the process converts 
biomass and its self-contained moisture (plus any 
additional moisture required), to syngas with no other 
20 inputs required. 

Preferably, the process should be carried out 
under the following conditions: 

(a) a temperature ranging from substantially 
450OC to substantially 600OC; 
25 (b) a pressure at least as high as substantially 

one atmosphere; 

(c) a gas residence time not exceeding 
substantially 5 seconds; 

(d) a biomass particle residence time at least 



WO 88/01611 



PCT/US87/02104 



- 5 - 

as long as the gas residence time. 
Preferably, the biomass has a moisture 
content not exceeding substantially 30% by weight. 
Still more preferably, the gas residence time does not 
5 exceed substantially two seconds. Further, the 

temperature preferably ranges from substantially 500oc 
to substantially 550oc. 

Referring to Figure 1 in greater detail, 
reactor I is the gasifier or pyrolysis reactor or 

10 hydrogasification reactor. Preferably, this reactor is 
a fluidized bed and is fed with biomass having a 
particle size of preferably less than 2 mm and any 
moisture content which can be readily fed. A moisture 
content of 20% by weight or less is preferable. 

15 The hydrogasification reactor can be operated 

at any convenient pressure and at temperatures ranging 
from substantially 450oc to substantially 650oc, but 
the highest methane yields will be obtained at 
temperatures ranging from substantially SOOop to 

20 substantially 550oc when the pressure is substantially 
atmospheric. One example of a suitable fluid bed 
catalyst is a Y -alumina support containing metallic 
nickel with a preferable nickel content of at least 8%. 
However, other suitable catalysts in which the support 

25 has a moderately acidic character and the metal is from 
Group VIII of the Periodic Table may be used. Supports 
with strong cracking activity, for example, silica- 
alumina, are not as desirable because the pyrolysis 
reaction can be unstable and high cracking activity can 

30 form undesirable amounts of secondary carbon on the 
catalyst surface. 

The preferred ratio of weight of feed per 
hour to weight of catalyst is preferably less than two, 
but ratios having values up to seven have been used to 

35 produce less than optimal results. The optimal feed to 
catalyst ratio will differ for each catalyst, but the 
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preferred value of less than two hrs-1 gives high 
methane yields with a minimum formation of secondary 
carbon for nickel on an alumina support. 

From Figure 2 and Table 1, the results of 
5 hydrogasif ication tests using the process of the 

present invention as a function of temperature can be 
seen. At temperatures ranging from 500oc to 60-Qoc, a 
maximum conversion of carbon to methane (approx. 69%) 
is obtained with a gas selectivity^ ranging, from 83% to 
10 95%. if high yields of total gases are desired, a 
higher temperature can be used but then the methane 
yields will decrease because of equilibrium 
considerations involving the reaction between methane 
and water. The higher the moisture content of the 
15 wood, the lower the yield of methane at higher 

temperatures (i.e. above 600oc) because of the high 
water content of the product gas. 

The reason that the process of the present 
invention can obtain high conversions of biomass to 
20 methane is due to the fact that the reaction occurs at 
lower temperatures than for other gasification 
processes and usually at a lower water content. As 
shown in Figure 1, the products leaving the 
hydrogasification reactor I pass through a cyclone II 
25 where char or any catalyst particles are removed. The 
gases and tar vapours then pass through the steam 
reformer III after the water content has been adjusted. 
In the steam reformer, the methane, oil vapour and any 
hydrocarbon gases, such as ethylene or ethane are 
30 reacted with steam over a catalyst at higher 

temperatures, for example, 750oe, to cause the reaction 
set out in equation (2) to occur. If not all the 
methane-rich gas from the hydrogasification reactor I 
is to be converted to synthesis gas, then a part may be 
35 withdrawn as product before entering the steam reformer 
II as shown in Figure 1. If the only product desired 
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is a methane-rich gas, then only a sufficient part of 
the hydrogasification product is passed through the 
steam reformer to generate the hydrogen-rich steam 
required for the hydrogasification reaction {see 

5 equation (1)> in reactor I. 

After leaving the steam reformer, the gases 
are cooled and condensed water is removed for reuse. 
The gases are compressed and sent to a separation 
process IV for- separation into, a .hydrogen-rich stream 

10 and a. carbon monoxide-rich stream. Any conventional 
technology can be used for this separation, for 
example, cryogenic separation or diffusional 
separation. The diffusional method uses known membrane 
technology and is likely to be the most economical . 

15 The hydrogen-rich stream is returned to the 

hydrogasification reactor and the carbon monoxide-rich 
stream is the synthesis gas product. When synthesis 
gas is the desired final product, only a portion of the 
product stream from the steam reformer III needs to be 

20 sent to the separation unit IV in an amount which will 
preserve the hydrogen balance of the process. If the 
methane-rich product from the hydrogasification reactor 
I is the desired product, then all the gases from the 
steam reformer III are separated into a hydrogen-rich 

25 and a carbon monoxide-rich stream. Further, this 

carbon monoxide-rich stream can be further reacted over 
a catalyst by a "shift" reaction as set out in equation 
(6) to yield additional hydrogen. This method is also 
conventional . 

30 CO + H 2( f =?C0 2 + H 2 (6) 

If all the product gas from the reformer III 
is separated, and all the carbon monoxide-rich stream 
undergoes the reaction in equation (6), then the 
process becomes a means of producing hydrogen from 
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biomass. The process of the present invention allows 
biomass to be converted to either a methane-rich gas or 
a synthesis gas, using no additional reactants, except 
water, if insufficient water is present in the biomass 
5 feed- Flexibility exists as to the choice of product 
and it is even possible to produce a methane-rich gas 
and a synthesis gas simultaneously. If desired, a 
hydrogen-rich gas as well as a methane-rich gas and 
synthesis gas can be produced simultaneously. The 

10 process has a further advantage in that it can be 
carried out at atmospheric pressure and 'low 
temperatures using direct catalytic hydrogasif ication. 
With previous reactions, the temperature ranges from 
700oc to llOOoc. While process of the present 

15 invention proceeds satisfactorily at one atmosphere 

absolute pressure, pressures higher than one atmosphere 
absolute can be used. Higher pressures will be 
advantageous in increasing the yields of methane. 
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I CLAIM: 

1. A process of hydrogasif ication of biomass for 
producing high yields of methane, said process 
comprising introducing biomass particles, hydrogen, 

5 particles of a suitable catalyst that has both cracking 
and hydrogenation activity and heat into a reactor 
capable of carrying out rapid pyrolysis, mixing said 
biomass particles with said catalyst particles, in said 
reactor in a hydrogen-rich atmosphere, carrying out 
10 said pyrolysis under the following reaction conditions: 

(a) a temperature ranging from substantially 
450oc to substantially 600oc ; 

(b) a pressure at least as high as substantially 
one atmosphere; 

15 (c) a gas residence time not exceeding 

substantially 5 seconds; 

(d) a biomass particle residence time at least 
as long as the gas residence time; 

(e) a biomass particle size not exceeding 
20 substantially 2 mm; 

and recovering methane rich product gas so formed. 

2. A process as claimed in Claim 1 wherein the 
biomass has a moisture content not exceeding 
substantially 30% by weight. 

25 3 . A process as claimed in Claim 2 wherein the 

gas residence time does not exceed substantially two 
seconds . 

4. A process as claimed in Claim 3 wherein the 

temperature ranges from substantially 500oc to 
30 substantially 550OC. 

5* A process as claimed in any one of Claims 2, 

3 or 4 wherein the catalyst has a support with a 
moderately acidic character and a metal selected from 
Group VII of the Periodic Table. 
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6. A process as claimed in any one of Claims 2, 
3 or 4 wherein the pressure is substantially one 
atmosphere . 

7. a process as claimed in any one of Claims 2, 
5 3 or 4 wherein the catalyst has particles with a 

support material that is thermally and mechanically 
stable at hydrogasif ication conditions, said support 
material having cracking capability for organic 
molecules and some metal having hydrogenation^ activity 

10 8. A process as claimed in Claim 4 wherein 

reacting a portion of the product gas with steam, 
separating said portion into a hydrogen-rich stream and 
a carbon monoxide-rich stream, reacting said carbon 
monoxide-rich stream with steam to yield an additional 

15 hydrogen-rich gas stream and recycling said hydrogen- 
rich gas streams to said reactor. 

9. A process as claimed in Claim 8 wherein the 
process further comprises reacting the product gas with 
steam to yield a mixture of mainly carbon monoxide and 

20 hydrogen , separating said mixture into a hydrogen-rich 
stream and a carbon monoxide-rich stream, recycling 
said hydrogen-rich stream to said reactor , combining 
the carbon monoxide-rich stream with the remaining 
product stream from the steam reforming unit to yield a 

25 synthesis gas with a molar ratio of carbon monoxide to 
hydrogen of approximately one. 

10. A process as claimed in any one of Claims 2, 

3 or 4 wherein the catalyst is y -alumina, containing at 
least 8% nickel. 
30 11. A process as claimed in any one of Claims 2, 

3 or 4 wherein the reactor is a fluidized bed reactor. 
12. A process as claimed in any one of Claims 1, 

3 or 4 wherein the biomass has a moisture content not 
exceeding 20% by weight. 
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